on Afghanistan, Pakistan and Nepalare excluded from this study, a panel data including five more Asian countries outside South Asia: China, Iran, Indonesia, Thailand and Turkey, are also considered here according to the uppermost GDP rank. Data are taken over 15 years from 2001 to 2015 for a panel study with simultaneous equations approach to investigate the two-way causal relationship between broadband and economic growth.
The effect of fixed broadband penetration on Latin American economic growth is investigated by Alderete (2017) through implementing a simultaneous equations approach using panel data consisting of Latin American countries for 2010-2014 and found the important contribution of broadband penetration on economic growth. Haller and Lyons (2015) investigated how adoption of broadband service could affect the firm productivity and growth considering different speeds of the service. Prieger (2013) compared the internet speed and broadband usage of rural and urban areas in the USA. The study illustrated a disparity of broadband usage between rural and urban households with low-income areas. Lee et al. (2012) looked into the effect of mobile cellular phones on the GDP growth applying GMM estimator and revealed that the technology mobile cellular phone is an important catalyst of the rate of economic growth in Sub-Saharan Africa. Koutroumpis (2009) investigated the effect of broadband penetration on economy using simultaneous approach in twenty-two European countries using 2SLS IV estimation and 3SLS GMM method and claimed that broadband telecommunications lead to economic growth.
To investigate the relationship between telecommunications and the economic growth in developing countries, this study addresses the following questions: (1) Is economic growth accelerated by broadband service, (2) Does the overall economic growth create more demand for broadband service?
Data and methodology
A panel data from ten Asian countries are used in this study to model the relationship between broadband investment and economic output. Gross domestic product (GDP) of the countries has been considered as the economic growth indicator. The dataset consists of annual data for a 15-year period 2001-2015 with 2015 as the base year. According to the availability of panel data, five South Asian and five Asian countries from top ranked GDP growth are taken as follows: Bangladesh, Bhutan, India, Maldives, Sri Lanka, China, Iran, Indonesia, Thailand and Turkey from World Development Indicators (WDI). However, Japan, South Korea and Saudi Arabia were excluded due to unavailability of data. Table 1 contains the variables used in the model. The subscripts i and t correspond to country and time values, respectively.
The relationship between broadband infrastructure and the national output of economies is investigated. However, as a growing economy may lead to development in broadband infrastructure and services, the increase in the demand of broadband services may in return be a determinant of economic growth of a nation. Therefore, there exists a possible two-way causal relationship between these two variables. In order to measure this link, a simultaneous equation model is used, where the macro-production equation is jointly estimated with micro-models of supply and demand, thus incorporating the endogeneity effect of telecommunications investment and broadband penetration. These equations are estimated in several methods: two-stage least squares (2SLS), three-stage least squares (3SLS), generalized method of moment (GMM) estimation and maximum likelihood estimation. The simultaneous equations model used by Rӧller and Waverman (2001) has been adapted to build the system of equations. In aggregate production function, the national gross economic output (GDP) is related to the foreign direct investment (FDI), total labor force (LF), people receiving general secondary education program (EDUC) and broadband demand infrastructure penetration (PEN). Each of these variables is linked to productivity, which is supported by a large amount of the literature. In order to disentangle the two-way causal link between broadband and GDP, the micro-models of demand, supply and production of broadband infrastructure are introduced. In the demand equation, broadband penetration is related to GDP per capita, urban population, people receiving secondary education of any age and mobile penetration. The supply equation states that investment in telecommunications with private participation is a function of GDP growth and total tax rate calculated as percentage of commercial profit. The infrastructure equation links the annual change in broadband penetration with investment in telecom sector during one year. As the variables are nonlinearly related and the disturbances may not be normally distributed, log-transformation of each variable is taken to construct linear regression models. Thus, the system of equations is depicted in Fig. 1 . TAX it Total tax rate (% commercial profits)
Fig. 1 Structure of the system of equations
The structural model used in this study is:
The structural equations are identified in this study using the rank condition (Gujarati 2009) which is both a necessary and sufficient condition for identification. The fixed and random effect estimators (Baltagi 2008) have been used to estimate the coefficients in the equations.
Analyses and results
Figure 2 shows boxplots which compare the variability in broadband penetration for each country. The boxplot exhibits the dispersion in broadband use in different countries. Each boxplot represents the summary of broadband penetration for individual countries, displaying the variation over the study period. This variation is the highest for China, showing a rapid increase in broadband use relative to other countries. The range is also large for countries like Turkey, Iran, Thailand and Maldives. Figure 3 shows a radar chart of broadband penetration, mobile penetration, urbanization and GDP per capita for different countries in 2015.
The chart shows that although broadband penetration is the highest in China in 2015, Maldives has the highest mobile penetration, which may have an effect on its having the highest broadband subscriptions in South Asia. As the world's most populated country, China has the highest urban population, while Turkey possesses the highest GDP per capita among other countries.
Fig. 2 Boxplot showing broadband penetration by countries
This study has performed the post-estimation test for consistent and efficient parameter estimates. Endogeneity causes inconsistency of the usual OLS estimates and requires instrumental variable (IV) methods like two-stage least squares (2SLS) to obtain consistent parameter estimates (Baltagi 2008) . Under the null hypothesis that the specified endogenous regressors can actually be treated as exogenous, the results of the Hausman test for endogeneity (Wooldridge 2010) in the system are presented in the following table. Table 2 indicates that broadband penetration and telecommunication investment are endogenous (p values are below 1% and 5% level of significance, respectively).
Using the rank condition (Gujarati 2009), it has been found that every equation in the structural model is over-identified. Table 3 presents the results of the singleequation estimates of the production and demand equation by pooled, fixed effect and random effect estimation. In the production equation, all of the three estimates of coefficients of broadband penetration provide significant and positive output. The pooled regression generates the highest positive output which indicates that an increase in broadband penetration has a positive impact on GDP growth. The standard error obtained from this estimate is also the smallest among the three estimates.
Although labor force appears positive and significant in the fixed and random effect estimates, it does not appear in the pooled estimate. Again, education appears positive and significant in the pooled regression, while does not appear significant in the fixed and random effect estimates. FDI provides positive and significant estimates in the pooled and random estimates, but generates negative and insignificant estimate in the random effect model. It is notable that pooled, fixed effect and random effect regressions provide a high R 2 which may be due to the autocorrelation present in the model over time. Table 4 shows the reverse effect of economic growth on broadband penetration. The outputs from demand function show that GDP per capita has a positive and significant effect on broadband penetration, validating the assumption of the reverse impact of economic growth on penetration. Nevertheless, education appears to be insignificant in all the estimates. Mobile penetration has a significant effect on broadband, which strongly justifies the inter-relationships of the technological development. In the supply equation, GDP growth appears to be insignificant in all the estimates. Again, the effect of tax rate does not provide significant output when controlling for heterogeneity or individual effects, which indicates a poor fitted model for supply equation. The last equation provides insignificant output with an R 2 of only 0.016 implying only 1.6% variability captured by the random and fixed effect model. Only the estimate for fixed effect model for telecommunications investment appears significant at 10% level. However, the pooled and the random effect models provide similar estimates indicating no difference between these models. It can be noted that both the supply and the infrastructure production equation include the variable telecommunications investment, which has the highest missing values in the dataset. Due to loss of information, these two equations may provide insignificant outputs and a low R 2 for both the equations.
In the system of equations of this study, the error terms in one equation are likely correlated with the error terms in the other equations in the system, in which case the 3SLS method may be more appropriate (Wooldridge 2010) . However, under assumptions of system instrumental variables (SIV) estimation the GMM 3SLS estimator is consistent while the traditional 3SLS estimator is not. Again, under the assumption of the conditional normality of the dependent variable, given the independent variable, the maximum likelihood method gives more efficient estimates than GMM. When the MLE takes into account the missing values in the dataset, it is known as full-information maximum likelihood (FIML) method. As our dataset contains some missing values, we were interested to observe the performance of the FIML method as well. Again, this method does not consider the heterogeneity or country-specific effects of the panel data similar to the GMM and 3SLS method. The three methods of 3SLS, GMM and MLE are all applicable under the above-mentioned different situations, and hence we compare these three models simultaneously in this study to compare their efficiency through the results. Table 5 contains outputs of 3SLS and GMM estimation for the production equations and demand equation. The production function shows that broadband penetration has a significant effect on GDP growth, which coincides with results obtained in the single-equation IV estimates. Here, for both 3SLS and GMM methods, for 1% increase in broadband penetration, GDP grows by 0.458%. Although the coefficients estimated by MLE are smaller, the coefficients obtained in this case are slightly higher than that for the single-equation estimates. Again, GDP per capita has a positive and significant effect on broadband penetration. Table 6 shows the supply equation, and the GDP growth has insignificant effect on telecommunications investment. The tax rate provides positive and significant coefficients. Although this output is opposite to what might be expected naturally, that is the expected signs of these coefficients are negative as it is assumed that increase in tax rate may discourage investment. Omitted variable problem might be one of the many reasons of this result (Kennedy 2005 ). The infrastructure equation shows that telecommunications investment has a positive and significant effect on the change in broadband penetration as expected. That is, for 1% increase in GDP growth, change in broadband penetration grows by 0.065%. It is notable that both of the methods provide the same estimates of the coefficients, although GMM generates more efficient estimators. The full-information maximum likelihood (FIML) method has taken into account the missing values in the dataset. Comparing to the GMM method, most of the estimates by the MLE appear more efficient due to smaller standard errors. For example, in the production equation, GDP grows by an increase in broadband penetration. The more pupils were enrolled in secondary education, which has an intrinsic affirmative impact on GDP growth. Labor force is insignificant similar to the single-equation estimates. The demand function shows that for 1% increase in GDP per capita and mobile cellular subscription per 100 people, broadband penetration increases by about 0.766% and 1.41%, respectively. The supply function provides a positive and significant estimate of tax rate. None of the coefficients from the infrastructure equation appears significant. With respect to significance, MLE produces outputs similar to GMM and 3SLS for the demand and production equation, whereas outputs of the supply and the infrastructure equations differ from that of the GMM and 3SLS estimates. The infrastructure equation contains no significant coefficients indicating a poor fit of the model when taking into account the full information of the whole system. This study finds that the OLS estimation is not appropriate as it fails to solve the endogeneity problem and capture the heterogeneity of the panel data. Although the two-stage least squares method by pooled, fixed effect and random effect regression provides evidence of that broadband penetration has significant impact on economy and in turn it is highly influenced by the economic growth when considering the structural equations simultaneously, it does not take into account the covariance between the errors of the production and demand equations. Thus in order to solve the problems of endogeneity and the covariance of errors, the three-stage least square and 3SLS GMM were used to estimate the model, where GMM produces comparatively more efficient results than 3SLS and generates consistent estimates under the orthogonality conditions (Wooldridge 2010). Again, under the conditional assumption of normality, the MLE was performed to gain more efficient estimates of the coefficients. The advantage of using MLE was that it took the missing values in the account and utilized the full information in the dataset. Thus, with respect to missing values, it can be said that MLE succeeds to capture the true information provided by the data and provides an efficient estimates in the presence of the missing values. 
Conclusion
The results from the analysis suggest that broadband penetration in particular, broadband adoption contributes to the GDP growth of a country significantly, while economic growth also plays a vital role in the technological development as increasing broadband penetration encourages growth in telecommunications investment which leads to more development in this sector. A simultaneous model was estimated which includes endogeneity telecommunications infrastructure by specifying a demand and supply model. The model was estimated by both the single-equation and system equation method. By addressing the simultaneity error, both of these method show that the relationship between broadband penetration and economic growth is statistically significant. This result is consistent with the existing assumption and evidence regarding the impact of broadband on economy provided by the earlier researches. For example, Alderete (2017) found the evidence of a significant impact of broadband penetration on economic growth. Again, the important contribution of broadband usage to economic development in rural areas of the USA was explored by Prieger (2013) . The use of broadband service is greater in the countries with higher GDP, and the increasing adoption of this technology in the developing economies creates great prospects of economic thrive for these countries. The study shows that the rate of increase in broadband penetration is much slower for the South Asian countries than for countries with higher GDP outside this region, while the use of mobile phones across these countries does not show such discrimination. This indicates that developing countries are looking for technological development which can be achieved by an increasing access to as well as use of broadband. Thus for the economies with lower broadband penetration, a broadband strategy may be built nationally to promote competition in broadband investment and encourage its demand.
